Penicillin binds to several proteins in the cytoplasmic membranes of bacteria. The nature and functions ofthese penicillin-binding proteins (PBPs) have been studied most extensively in Escherichia coli; at least seven PBPs in E. coli have been separated by sodium dodecyl sulfate (SDS)-acrylamide gel electrophoresis (5, 6, (8) (9) (10) (11) (12) (13) (14) , and mutants of E. coli defective in these PBPs have been isolated (1, 5-7, 10, 11, 13, 14) . PBP-1A (and perhaps PBP-2) seems to function as a detour enzyme in compensating for lack of PBP-lBs (14) . The 1B PBP, which consists of at least three proteins (PBP-lB's), seems to be an essential enzyme involved in formation of the cross-linked peptidoglycan in vitro (2, 3, 14) and may function in the process of cell growth. There are reports of the functions of other PBPs, PBP-2 (8, 12) , PBP-3 (8, 9, 13), PBP-4 (1, 6), and PBP-5 (6, 7) .
In this study we examined the heat sensitivity of each PBP in E. coli. For the experiment shown in Fig. 1 , membrane fractions were obtained from four strains of E. coli, K-12 strains JE1011, CD4, and PA3092, and strain B. The fractions were obtained as described previously (12) by sonicating the cells and suspending the preparation in 0.01 M sodium phosphate buffer (pH 7.0). Fractions were incubated for 10 (12, 14) , and then they were measured quantitatively by counting the radioactivity in dried PPO (2,5-diphenyloxazole)-impregnated slab gel slices in toluene-PPO-POPOP [2,2'-p-phenylene-bis-(5-phenyloxazole)] with a liquid scintillation spectrometer at a counting efficiency (cpm/dpm) of 78%.
The results in Fig. 1 indicate that, in all four E. coli strains tested, PBP-1B's were very heat stable, their penicillin-binding activities being almost unimpaired by heating for 10 min at 60°C; PBP-1A and -2 were very sensitive to heat, their penicillin-binding activities being significantly reduced by heating for 10 (Fig. 1) . Their functions are unknown (see also ref. 9 ). An experiment using strain JST975srev6 (data not shown), which is defective in PBP-1B's (14) , indicated that disappearance of radioactivity in the positions of PBP-1A and other PBPs during heating was not associated with the appearance of radioactivity in the position of PBP-1B's.
['4C]penicillin G-PBP complexes could be solubilized to various extents by treatment of Triton X-100, sodium deoxycholate, and sodium dodecyl-N-sarcosinate (Sarkosyl) at 00C (Fig. 2, experiment a). For the results in Fig. 2 (12, 14) . Samples (30 ,ul) of membrane fractions containing 600 jAg of protein in 0.01 M sodium phosphate buffer (pH 7.0) were heated for 10 min at the indicated temperatures, and then 3 ,ul of I mM ['4C]penicillin G (50 Ci/mol, Radiochemical Centre, Amersham, England) was added and the mixture was incubated for a further 10 min at 30°C. The resulting ['4CJpenicillin G-protein complexes were solubilized with Sarkosyl at 20°C in the presence of excess unlabeled penicillin G, treated with SDS-mercaptoethanol, separated by SDS-acrylamide slab gel electrophoresis at 10°C, and located by fluorography, essentially as described previously (12, 14) . Radioactivities on the slab gel were measured as described in the text. Symbols: (0) membranes of strain JE1011; (A) membranes of strain CD4; (O) membranes of strain PA3092; (0) membranes of strain B; (--a--) extract of membranes of strain JE1011 with 1% (wt/vol) Triton X-100. For conditions of solubilization with Triton X-100 see legend to Fig. 2 . PBP numbers (14) are shown in the figure. Ordinate: percent radioactivity; abscissa: temperature ofpreincubation.
PBPs to a certain extent, for unknown reasons.
Among them, however, loss of ['4C]penicillin G-PBP-5 complex could be partly due to the release of ['4C]penicillin G by /8-lactamase activity of this protein (7, 15) . The free PBPs on the membrane were probably solubilized by detergent in ways similar to penicillin G-PBP complexes, but their abilities to bind ["4C]penicillin G seemed to be lost to different extents. As a result of the extraction and inactivation processes, each PBP showed different penicillinbinding activities in the extracts with different detergents, depending on the detergent (and also the extraction conditions) (Fig. 2, experiment b) . For instance, active PBP-1A and -4 could be extracted efficiently with 1% (wt/vol) Triton X-100 or sodium deoxycholate, and PBP-5 and -6 with 1% (wt/vol) Triton X-100, whereas active 10-mm length) previously equilibrated with buffer A. After other proteins were eluted with 3.2 ml of 0.2 M potassium phosphate buffer (pH 7.0) containing 1% (wt/vol) Triton X-100, PBP-1B's were eluted with 1.2 ml of 0.5 M potassium phosphate buffer (pH 7.0) containing 1% (wt/vol) Triton X-100. The fraction was dialyzed against buffer A (1.2 ml, 0.10 mg of protein per ml, 524 arbitrary units) and used directly for assay or was freeze-concentrated in vacuo. PBPs were assayed as described in the legend to Fig. 1 . Activity is shown in arbitrary units based on the radioactivity (dpm) of bound ['4C]penicillin G. described in this report. The preparations seemed to have activities for both peptidoglycan polymerization and crosslinkage formation. Details of the results will be reported subsequently (J. Nakagawa, S. Tamaki, and M. Matsuhashi, Agric. Biol. Chem., vol. 43, 1979, in press).
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